A series of liveweight gain (LWG), feed and water intake and digestibility experiments were conducted across eastern Indonesia. Thirty-six datasets of LWG, feed and water intake, and diet characteristics were used to determine the nutritional requirements of growing Bali cattle fed a wide range of diets that varied in crude protein content and apparent dry matter digestibility. Regression of average daily LWG against estimated metabolisable energy (ME) intake was conducted, and the ME requirements for maintenance of liveweight (LW, 0 kg/day) and LWG were determined. It was estimated that the ME required to maintain LW of this class of Bali cattle, across the range of diets evaluated, was 0.47 MJ ME/kg LW 0.75 .day and that 34 MJ ME was required for each kg LWG, or 29 g LWG/MJ ME. The relationship between estimated ME intake and LWG was not affected by the crude protein content of the diet. The data demonstrate that ME requirements for maintenance of LW of Bali cattle are comparable with values for other cattle species, but that this class of Bali cattle is generally less efficient in the use of ME for LWG across the range of diets evaluated.
Introduction
Increased competition for ruminant feedstuffs and grazing lands is occurring globally. Cattle that utilise dietary energy more efficiently through reduced metabolisable energy (ME) requirements to maintain liveweight (LW) or for liveweight gain (LWG) may be better suited to conditions where the quality and quantity of available feed is decreasing. Bos indicus and Bos taurus species have different ME requirements for maintenance and production (Frisch and Vercoe 1977; Solis et al. 1988; Ferrell and Jenkins 1998; Tangjitwattanachai et al. 2009; Cardenas-Medina et al. 2010) , and other cattle species may also have different nutritional requirements for maintenance and production traits. For example, Thai native cattle have lower maintenance ME requirements than Brahman cattle (0.48 and 0.55 MJ ME/kg LW 0.75 .day, respectively), based on a meta-analysis of published experiments (Nitipot et al. 2010) .
Indigenous cattle species may have characteristics that make them suited to situations of declining feed resources and grazing land availability and increasing requirements to utilise lowquality feedstuffs (e.g. crop residues or marginal grazing lands). Increased growth and reproductive output from local cattle within smallholder systems may make a significant contribution to beef production and meeting the increased global demand for animal-derived protein sources. It is important to quantify the maintenance ME requirements of indigenous cattle species to predict more accurately the dietary ME available for production for these species and to determine whether they can potentially utilise dietary ME for production more efficiently than other cattle species. Bali cattle (Bos javanicus) are indigenous to Indonesia and are found in other parts of Southeast Asia. They are the main cattle species raised by smallholder farmers across eastern Indonesia and in Timor Leste. Bali cattle have a low mature LW (211-242 kg mature cow LW across eastern Indonesia; Talib et al. 2003) and LWG of 0-0.85 kg/day depending on the diet (Marsetyo et al. 2006 ), but they are well suited to smallholder cow-calf systems in tropical areas because of their small mature size, low feed requirements, high fertility and heat tolerance.
The ME requirements for maintenance (ME m ) of LW and LWG of Bali cattle are largely unknown. Bali cattle in Timor Leste were estimated to require 0.40-0.42 MJ ME/kg LW 0.75 . day for maintenance of LW and 39.2 MJ ME/kg LWG (Yuliaty et al. 2014) . These values were derived from a limited dataset and assume that the efficiency of use of dietary ME does not vary with diet quality. Recently, several experiments were conducted across eastern Indonesia to evaluate feeding strategies to increase LWG of entire male, weaned Bali cattle aged 6-12 months (Quigley et al. 2009 ). The number and diversity of feeds available for cattle in Indonesia exceeds that of Timor Leste, and this project generated 36 LWG-diet quality combinations from which the ME requirements for Bali cattle could be estimated. It was hypothesised that the ME requirements for maintenance and gain of LW of Bali cattle may be lower than those of other cattle species and that the efficiency with which ME is used may be influenced by the crude content (CP) content of the diet. Practical aspects of the nutrition of Bali cattle, and its implications for production, are also discussed. (Saili et al. 2010; Marsetyo et al. 2012; Dahlanuddin et al. 2014) and others are unpublished. The current paper integrates the results from these separate experiments into the one dataset to estimate the ME requirements for maintenance and gain of LW of Bali cattle, making it a significantly more powerful analysis than when each of the experiments is considered alone.
Materials and methods

All
Prior to each experiment, the cattle were fed the same diet (usually native grass) for 4-8 weeks. Each experiment consisted of a 7-21-day period for adaptation to treatments, followed by a minimum 56-day measurement period. The experimental design was three or four treatments, with five or six animals per treatment. At the start of each experiment, the cattle were weighed (un-fasted) and ranked on LW, then allocated to adjacent individual pens and treatments in a completely randomised block design. Pen size was similar at all research sites. All experiments used entire male Bali cattle 6-12 months of age. The young, entire male Bali cattle were offered treatment diets three times each day (07 : 00, 12 : 00, 19 : 00 hours), with ad libitum feeding of basal or sole diets set at the previous day's intake plus 20%, as fed. All supplements were offered at 10 g dry matter (DM)/kg LW.day, based on the most recent LW measurement; supplements were offered once daily before the first feeding of basal diets. Water was available ad libitum in all experiments and was measured for 31 of the 36 treatments. In each experiment, LW was measured twice each week (except during the 7-day faecal collection periods, when it was measured at the start and end of the collection period), feed intake was measured daily, digestibility was determined two or three times in each experiment by collection of total faecal output for each animal over seven consecutive days, and water intake was measured during faecal collection periods. Water intake was determined by measuring the weight of water offered in a bucket and the weight of water residue over a 24-h period, adjusted for evaporation rate determined by measuring the change in weight of a similar-sized bucket placed in the animal house over each day of the collection period. It was not possible to measure urinary and methane energy outputs within the facilities used in these experiments. A description of the animals, treatments, diet nutritive characteristics, intake and LW change used in this paper are presented in Table 1 .
Samples of feed offered were collected every day. A 10% subsample of daily faecal output was collected and frozen at À20 C each day during faecal collection periods; daily faecal samples were thawed, bulked and mixed well, with duplicate subsamples collected. Daily feed residues were bulked across seven consecutive days, weighed and mixed thoroughly, with duplicate subsamples collected. Dry matter content of feed offered, feed residues and faeces were determined by drying duplicate subsamples to a constant weight at 65 C. Daily samples of dried feed offered were bulked across 7-day periods, and organic matter (OM), CP, ash-free neutral detergent fibre (NDF) and ash-free acid detergent fibre (ADF) contents determined. Organic matter content of faeces was also determined and OM digestibility calculated.
The OM content of feeds offered, feed refusals and faeces was determined according to AOAC (2005; method 930.5) . The CP and ether extract (EE) contents of feeds offered were determined according to AOAC (2005; methods 2001.11 and 920.39, respectively) . The NDF and ADF content of feeds offered were determined on an ash-free basis following the method of Goering and Van Soest (1970) .
Calculations and statistical analyses
Average daily LWG was calculated by regression of LW over the duration of the experiment (days). The ME content of diets was estimated by use of equations described in Freer et al. (2007) for diets based on roughages and tree legumes (Eqn 1.12C: ME = 0.194 DOMD (digestible OM in DM) -2.577) and concentrate-based diets (Eqn 1.11A: ME = 0.134 DMD (digestible DM) + 0.235 EE + 1.23). Total water intake was the sum of water imbibed and water consumed in the feed. 
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For individual experiments, the OM, CP, NDF and ADF contents of treatment diets were the mean of the weekly measurements across each experiment. Average daily LWG and DM intake data were analysed with the MIXED procedure for repeated-measures in SAS/STAT version 8 (SAS 1999) . Digestibility data were analysed as a randomised block design with the GLM procedure in SAS; the model included diet as the treatment effect and block as the blocking effect.
Linear and quadratic effects of CP and ME intake, on a metabolic LW basis, on average daily LWG were analysed with the GLM procedure in SAS. Quadratic relationships that did not tend to be significant (P > 0.10) were removed from the model and the linear relationship was retained, if significant. A comparison of regression slopes of diets of different CP content (<80, 80-160, >160 g CP/kg DM) was conducted by analysis of covariance in SAS.
The equations in Freer et al. (2007) were used to predict estimates of ME requirement for maintenance (ME m ; Eqn 1.20), the efficiency of use of ME for maintenance (k m ; Eqn 1. (1) and a standard reference weight of 215 kg. Table 1 summarises the experimental treatments, LWG, and intake of DM, ME, CP and water. Thirty-six diet-LWG datasets presented in Table 1 were used in the analysis within this paper. Diets included in the analysis had ranges of 42-79% in apparent DMD, 59-254 g CP/kg DM, 171-730 g NDF/kg DM, 90-250 g ADF/kg DM, 9-101 g EE/kg DM (rice bran and copra meal were the only feeds which had >50 g EE/kg DM), and 5.0-12.7 MJ ME/kg DM. Dry matter intake of the male Bali cattle included in this analysis ranged from 13.9 to 33.8 g/kg LW. day, with a mean AE s.e. of 26.0 AE 0.7 g DM/kg LW.day. Total water intake ranged from 76 to 153 g/kg LW.day with a mean of 117 AE 4 g/kg LW.day, or 4.4 AE 0.2 kg of water/kg DM intake. Liveweight gain of the male Bali cattle across all diets ranged from -0.28 to 0.65 kg/day, with a mean of 0.23 AE 0.03 kg/day.
Results
The LWG of young, entire male Bali cattle increased in a linear fashion with increasing estimated ME intake, on both a daily intake and a metabolic LW basis, across the range of diets included in the analysis (Fig. 1) . The ME intake required to maintain LW was estimated to be: It was estimated that 34 MJ ME was required per kg LWG for this class of Bali cattle, or 29 g LWG/MJ ME. This response was not significantly different for diets of different CP content (<80, 80-160, >160 g CP/kg DM).
Across the diets included in this analysis, the ME m required for this class of Bali cattle was predicted to be 16.0 AE 0.5 MJ/day by use of Freer et al. (2007; Eqn 1.20) , which was~20% higher than the value estimated by regression (Fig. 1) . The mean calculated k m of the 36 individual treatment diets used in this analysis was 0.67 AE 0.01. The EBG from the current dataset was calculated as 17.9 AE 0.5 MJ/kg EBG and the k g was estimated as 0.36 AE 0.01. The nutrition models (Freer et al. 2007) under-predicted LWG (or LW loss) compared with measured LWG for growing Bali cattle in this dataset. The regression equation was: observed LWG (kg/day) = -1.07 predicted LWG 2 (kg/day; AE 0.47) + 1.38 predicted LWG (kg/day; AE 0.23) -0.097 (AE0.02); R 2 = 0.71; RMSE = 0.10, P = 0.031.
Discussion
The present paper estimated the dietary energy requirements to maintain LW of growing, young, entire male Bali cattle to be 0.47 MJ ME/kg LW 0.75 .day across 36 diets. This value was estimated by regression of estimated ME intake against LWG of Bali cattle across a range of diets typically found in tropical regions that were variable for digestibility, and estimated ME and CP contents. This value is higher than the 0.40 MJ ME/kg LW 0.75 .day reported by Yuliaty et al. (2014) to be required to maintain LW of growing Bali cattle. The estimate of ME required to maintain LW of Bali cattle in the present study is within the range of values reported for Bos indicus and Bos taurus cattle elsewhere (Solis et al. 1988; Tangjitwattanachai et al. 2009; Cardenas-Medina et al. 2010) ; however, the data suggest that this class of Bali cattle may have a lower efficiency of use of ME for LWG than other cattle species. Definitive statements about the ME requirements for maintenance of LW and LWG of Bali cattle compared with other cattle species cannot be made in the absence of direct comparisons within the experiments included here. Table 1 .
Comparative slaughter experiments conducted by Moran and Wood (1986) indicated no differences in the energy content of carcass LWG between Bali (14.6 MJ/kg) and Bos indicus (Ongole) (12.8 MJ/kg) cattle but suggested that the efficiency of use of ME for protein and energy accretion may be lower in Bali cattle. The value of 14.6 MJ ME/kg carcass weight gain of Bali cattle determined by Moran and Wood (1986) was lower than the estimated 17.9 AE 0.45 MJ ME/kg empty body gain calculated using equations in Freer et al. (2007) across the current dataset. It appears from the present dataset for growing Bali cattle that the inefficiencies with which they utilise ME for LWG are problematic for the various prediction equations within Freer et al. (2007) . Large differences were evident between predicted and observed LWG and predicted and observed efficiency of use of ME for LWG (k g and slope of ME intake regressed against LWG). The various equations used in the Australian Feeding Standards for Ruminants (Freer et al. 2007) would have been developed for Bos taurus or Bos indicus cattle, and adjusted accordingly for these two cattle species under Australian conditions; those cattle are different from Bali cattle in potential growth rates and mature sizes and the production systems under which they are routinely managed.
The range of LWG data presented here largely reflects previous reports for growing Bali cattle under different feeding systems. The highest LWG across the current dataset was 0.65 kg/day for young bulls fed a concentrate ration containing maize grain and soybean meal and providing 250 g CP and 12.7 MJ ME/kg DM. This value was comparable to the 0.66 and 0.59 kg/day reported for Bali bulls fed a concentrate diet providing~160 g CP and 11.8 MJ ME/kg DM (Moran 1985) . Although this diet is not a practical one for smallholder farms, or economical when considering current prices of grains and protein supplements, it does demonstrate the potential growth rates achievable by this type of animal under controlled experimental conditions. The LWG of young Bali bulls fed grasses was in the range 0-0.15 kg/day, typical of this class of cattle under household management systems in eastern Indonesia (Marsetyo et al. 2006) .
Dry matter intake across a range of diets of variable quality (CP and ME) was within the expected range for Bos indicus cattle fed diets of a similar range in CP and ME (Panjaitan et al. 2010) . Similarly, Moran (1985) reported little difference in feed intake between Bali and Bos indicus (Ongole) bulls when fed a concentrate diet at an early stage of maturity, with Bali cattle having higher intakes at a later stage of maturity. Feeding tree legumes to Bali cattle as the sole component of the diet or as a supplement will increase LWG relative to feeding native grass or crop residue diets alone (Dahlanuddin et al. 2014 ). Despite these advantages in feeding tree legume diets, which are high in CP, the LW response tends to plateau at 0.4-0.45 kg/day, well below the 0.65 kg/day achieved when the concentrate diets with higher ME but similar CP were fed. Quigley et al. (2009) demonstrated a significant increase in LWG when entire male, growing Bali cattle fed a basal diet of leucaena (0.43 kg/day) were offered maize grain (0.61 kg/day) or rice bran (0.56 kg/day) supplements at 10 g DM/kg LW.day; therefore, judicious use of higher ME supplements with a tree legume basal diet may be one strategy to improve LWG of Bali cattle.
Total water intake of young, entire male Bali cattle across all diets was estimated to be 4.4 kg/kg DM intake, which was comparable to 4.8 kg/kg DM intake reported for banteng (Bali) cattle by Moran et al. (1979) . Bos indicus cattle and banteng were reported to have lower water turnover rates in the humid tropics than Bos taurus cattle and swamp buffalo (Siebert and MacFarlane 1969); however, Moran et al. (1979) reported no differences in water intake per kg DM or evaporative water loss between these species. Freer et al. (2007) suggest that water allowances for Bos taurus cattle are 20-25% higher than for Bos indicus cattle at mean ambient temperatures >25
C. In the present study, minimum and maximum temperatures (24.3 C and 32.7 C) and relative humidity (53.7% and 79.5%) were recorded using digital weather stations and were similar across all sites. An allowance of 4.5 kg water/kg DM intake for young, entire male Bali cattle across all experiments is less than the 6 kg/kg DM intake recommended for Bos indicus at a mean ambient temperature of 30 C (Freer et al. 2007) . In the present study, water intake was measured in covered pens, and this would have reduced evaporative losses of the Bali cattle compared with water losses that might occur if the cattle were grazing in direct sunlight. It is common management practice by smallholder farmers across eastern Indonesia to tether Bali cattle in stalls or under trees and to carry water daily to the cattle. As such, the water intake values determined in this paper are relevant to the prevailing management systems for this class of animal.
Conclusions
Bali cattle appear to have maintenance ME requirements comparable to other cattle species, based on the diets and class of animal evaluated here. However, the efficiency of use of ME for LWG was low. These characteristics make Bali cattle unsuited to high input-high output finishing systems, particularly when alternative cattle species are available. Nevertheless, because of their small mature size and low absolute requirements for feed, Bali cattle are well suited to the low input-low output systems used by smallholder farmers, particularly cow-calf producers whose supplies of high-quality feeds are limited. The data demonstrate potential strategies to increase LWG within smallholder farming systems, such as the use of tree legumes and feeds of higher ME content. Further testing of the existing nutritional models for indigenous cattle species is warranted, as may be the development of models specific for these different species of animals and the production systems under which they are maintained.
